Abstract. The deep-towed Argo I optical/acoustical vehicle and a geographic information system (GIS) have been used to establish the abundance, widths, and spatial distribution of fissures, as well as the relative age distribution of lavas along the narrow (<500 m wide) axial zone of the East Pacific Rise (EPR) from 9ø12 ' to 9ø54'N. On a second-order scale (-78 km long), wider but less numerous fissures are found in the northern portion of the survey area; this changes to narrower, more abundant fissures in the south. A profile of the cumulative width added by fissures to the axial zone exhibits minima in three areas along strike (near 9ø49 ', 9ø35 ', and 9ø15'N), where the most recent eruptions have occurred above sites of magmatic injection from the upper mantle, filling and covering older fissures. On a fourth-order scale (5-15 km long) the mean density of fissuring on a given segment is greater where relative axial lava age is greater. Fissure density also correlates with hydrothermal vent abundance and type. Increased cracking toward segment tips is observed at the second-order scale, whereas fourth-order segments tend to be more cracked in the middle. Cracking on a fourth-order scale may be driven by the propagation of dikes, rather than by the far-field plate stresses. The above relations constrain the model of Haymon et al. [ 1991] in which individual fourth-order segments are in different phases of a volcanic-hydrothermal-tectonic cycle.
Introduction
Recent mapping of the global mid-ocean ridge system (MOR) with high-resolution sonar systems has shown that the morphology of spreading centers is far from uniform, displaying variation in both space and time [e.g., Macdonald et al., 1984, 1988a, 1991 been attributed mainly to tensile stresses generated either by dike intrusions or by divergent plate motion. Dike emplacement produces significant changes in the local stress field of crustal rock directly over the top of the dike. In the dike model developed by Pollard et al. [1983] , contours of maximum principal stress outline a region of tensile stress that spreads outward and upward from the top of the dike. The point immediately over the dike at the surface is stress free and a pair of tensile maxima occurs on either sides of this spot. In contrast with this dike model, a simple plate motion model assumes that tensile stress due to far-field stresses builds up gradually within the fift zone until new fissures form, old ones propagate, and tensile stress is temporarily relaxed [Bjtirnsson, 1985] . In this study the high-resolution, near-bottom imaging capability of the Argo I optical/acoustical system [Harris and Ballard, 1986] [Macdonald et al., 1992] . The ASC is well developed (wall bounded) in the regions denoted by a solid line. The dashed portions of the line denote sections of the ridge axis where the ASC is poorly developed, i.e., where the axial zone exhibits extensive fissuring and/or collapse that is not scarp bounded on both sides. The next two columns to the fight show the inferred relative axial ages of lavas along strike and the density of fissures per lava age category. Density refers to fissure abundance (or number) per sqtiare kilometer of seafloor imaged within a particular lava age category. Relative ages are inferred from criteria given in Table  1 2. Contrary to the increased cracking toward segment tips observed at a second-order scale, fourth-order segments in the study area are, for the most part, more cracked in the middle rather than at the ends. This suggests that cracking on a fourth-order scale is driven by the injection and propagation of dikes rather than by far-field plate stresses.
3. Covariations in fissure density and axial lava ages reveal the tendency of the crust to form more cracks with time, rather than to widen existing cracks formed early on. After all data sets were edited, topological overlay analysis [ESRI, 1990] was employed using the GIS capability of mathematically defining spatial relationships (e.g., distance, length, width, area, abundance) for all items in the data sets and then graphically displaying these data sets in any combination, either separately or uniformly. All "layers" or types of data were formatted and registered to the same spatial plane, allowing for exact geographic referencing among them. Geologic features and relationships were assessed within the different layers, and subsequent merging of these layers by enhanced computer graphics resulted in display of new spatial relationships. If desired, all related attribute files, tied to each layer of information by the GIS database, could be automatically joined.
Data Presentation
By the above methods it was possible to map where the Argo I video camera crossed a fissure, a high-or lowtemperature hydrothermal vent (smoker, smoke, or cloudy water issuing from vent), a hydrothermal deposit (mound, chimney, edifice, hydrothermal sediment/staining), scattered 
